Subjects with asymmetrical hypertrophy of the heart are prone to sudden death. Neither the pathogenesis of the eccentric hypertrophy nor the mechanism of sudden death is fully understood. In this report we describe certain postmortem findings in the hearts of 22 subjects who died suddenly, silently and unexpectedly, and in whom the only significant abnormality at autopsy was asymmetrical hypertrophy of the heart. Deep clefts were present in the septum in seven hearts, the small coronary arteries were abnormally narrowed in ten, the sinus node was sclerosed by fibrosis in 12, there was variable narrowing of the atrioventricular (A-V) node artery in many and the His bundle was too thin in three. There were multiple cysts or channels in the central fibrous body and of the adjacent A-V node and His bundle in four hearts. Most of the hearts displayed a fetal dispersion of the A-V node and His bundle throughout the central fibrous body, but this was particularly conspicuous in 13 hearts. These abnormalities in all parts of the conduction system suggest a variety of possible mechanisms by which the heart could become electrically unstable but do not indicate that one single mechanism is at fault in all. They offer some explanation for the reported high incidence of atrial fibrillation in such patients, and why they fare so badly with this arrhythmia. While the pathogenesis of asymmetrical hypertrophy may in some part be attributable to narrowed small coronary arteries or to an abnormal sequence or speed of septal and ventricular activation or to mechanical deficiency caused by deep septal clefts, none of these features was universally present in our series. Both asymmetrical hypertrophy of the heart and the sudden death which so frequently accompanies it probably develop by a variety of pathogenetic mechanisms.
Subjects with asymmetrical hypertrophy of the heart are prone to sudden death. Neither the pathogenesis of the eccentric hypertrophy nor the mechanism of sudden death is fully understood. In this report we describe certain postmortem findings in the hearts of 22 subjects who died suddenly, silently and unexpectedly, and in whom the only significant abnormality at autopsy was asymmetrical hypertrophy of the heart. Deep clefts were present in the septum in seven hearts, the small coronary arteries were abnormally narrowed in ten, the sinus node was sclerosed by fibrosis in 12, there was variable narrowing of the atrioventricular (A-V) node artery in many and the His bundle was too thin in three. There were multiple cysts or channels in the central fibrous body and of the adjacent A-V node and His bundle in four hearts. Most of the hearts displayed a fetal dispersion of the A-V node and His bundle throughout the central fibrous body, but this was particularly conspicuous in 13 hearts. These abnormalities in all parts of the conduction system suggest a variety of possible mechanisms by which the heart could become electrically unstable but do not indicate that one single mechanism is at fault in all. They offer some explanation for the reported high incidence of atrial fibrillation in such patients, and why they fare so badly with this arrhythmia. While the pathogenesis of asymmetrical hypertrophy may in some part be attributable to narrowed small coronary arteries or to an abnormal sequence or speed of septal and ventricular activation or to mechanical deficiency caused by deep septal clefts, none of these features was universally present in our series. Both asymmetrical hypertrophy of the heart and the sudden death which so frequently accompanies it probably develop by a variety of pathogenetic mechanisms.
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Fetal pattern of A-V node and His bundle Pathological small coronary arteries Cystic faults of central fibrous body Clefts of interventricular septum Atrial fibrillation Sclerotic sinus node THE OBSERVED ASSOCIATION of sudden death with asymmetrical hypertrophy of the heart can be examined either retrospectively or prospectively. Teare's original report, in which eight of the nine subjects died suddenly, was a retrospective correlation based on investigation of fatal cases.1 In prospective clinical studies the incidence of sudden death is somewhat less but remains impressively high. For example, in a recent multicenter cooperative investigation it was found that sudden death was the most common form of demise, occurring in 26 of 49 fatal cases.2 Some have suggested that these deaths are most likely due to an electrical instability of the heart.3 However, neither the exact pathogenesis of asymmetrical hypertrophy of the heart nor the prevalent mechanism of sudden death in so many patients with the disease has yet been explained.
In this report we present our findings in 22 examples of sudden death in which asymmetrical hypertrophy of the heart was found at necropsy. It is a retrospective study based on these two facts: that death was sudden and unexpected, and that asymmetrical hypertrophy of the heart was the only postmortem diagnosis to which the death could be attributed. Our examinations included forensic pathological assessment of the possibility of violence or of poisoning, a complete routine autopsy, and whatever clinical information could be obtained from surviving family members or neighbors or witnesses of the death. We also conducted special studies of the sinus node, atrioventricular (A-V) node, His bundle and its proximal branches, and of the histological appearance of the small (1 mm diameter or less) coronarv arteries. The latter investigation included particularly the small arteries of the interventricular septum and the nutrient arteries of the sinus node and the A-V junctional region. Case Reports Tihese descriptions will be limited to the pertinent clinical and pathological findings in each case. In none of the hearts wvas there significant disease of the cardiac valves or of the large coronary arteries, and there were no examples of atrial or ventricular septal defects. Diseases in organs other than the hleart were either absent or of minor degree and not considered contributory to death. In every heart there was asymmetrical hvpertrophy, a tvpical example of which is illustrated in figture 1. The histological appearance of fibers in the hypertrophied regions (figs. 1-3) were as described by Tearet and others.6' 7 T'he sequence of presentation follows the actual accession of cases over an 11 year period during xvhich over 12,000 autopsies were performed. Many srnall coronary arteries were narrowed, both within and outside the areas of septal fibrosis. An excess number of nodal fragments and branching of the node were seen in the cenitral fibrous body adjacent to the A-V node. This A-V nodal histological pattern resembles the human fetal heart rather than the nornal adult.' ' The central fibrous body conitained cystic faults (fig. 4) . The sinus node was normal.
Case 2. One evening a 59-year-old woman was a passeniger in the back seat of a car when she was seen to collapse wxithout a sotund. She was rushed to a doctor's house and thenl to a hospital but was dead.
[heh eart weighed 434 grams. Both anterior wall and adjacent initerventricuLlar septuim were asymmetrically hypertrophied, the former measuring 20 mm and the latter 12 mm. [here were many narrowed small coronary arteries. The septal mvocardium contained several deep clefts.
The sinus nlode and A-V node were each small, their respective volumes being less than half that normally expectedl in the aduilt heart. The histological appearance and location of the A-N node and His bundle were normal. At its Inwo tx amplpes of t/i disarraiyed hiypertrophiy atid of iarrowimrig of uimultiph small coronary arteries are hshot 0hre from case 3.
Xltazgnification is the saoie ii hot/.
(irculaion, Volume 51, June 1975 ASYMMETRICAL HYPERTROPHY OF THE HEART marginis the anterior onle third of the sinus node had exCessive focal fibrosis, hut the posterior two thirds of the sinus node was virtLually replaced by dense fibrosis. There were multiple narrowed small liranches of the sinus node artery. Case 3. As he was awakening at 7.30 one inorning, this 46-year-old man was observed by his vife to be breathing very heavily anid unable to speak. She immediately went for the doctor but the maii was dead when the doctor arrived a short timiie later. The man had retired to bed in good health and had had nro recernt medical attentiorn.
Both the aniterior wall of the left ventricle (15 mm) and the interventricular septuim (33 mm) wvere hypertrophied, accountinig for most of the mass in this 510 gram heart. There were a large number of narrowed intramural coronary arteries ( fig. 2 ). 1\lany deep clefts were present in the septal myocardiuin.
In its aniterior portion the llis bundle was slightly edematous and fibrotic. ('Cse 6. [his 7T1-year-old man was found dead in bed at 1 30 p. m. by his sister. He had been well the previous evening at 11 p irn. For about four years he complained of intermittent dvspniea but had not seen a physician.
[he heart was markedlv enilarged, weighing 690 grams and exhibiting excess thickening of the anteroseptal region xvhere thie free wall measured 32 mm ( fig. 1) .
\loderate fibrosis was present in the His bundle and A-V node with fattv replacement of other foci in the node. TFhe A-V niode artery was markedly narrowed within the A-V node. Dernse focal fibrosis was present throughout the sinus node arid at its junLction-s witth the adjacent right atrium (fig. narrowed. The sinus node was normal.
Case 9. A 72-year-old woman was standing in the living room of her sister's house when she suddenly collapsed and died without a sound. Although deaf since childhood, she had been considered in recent good health.
The heart weighed 440 grams and showed eccentric anteroseptal hypertrophy, where the maximal thickness was 20 mm; the posterior portion of the septum measured 7 mm while the lateral and posterior walls of the left ventricle were 10 mm. Scattered small coronary arteries in the septum were narrowed by mural fibrosis.
There was focal fibrosis of varying density throughout the Case i1. Just after school this 14-year-old boy became involved in an argument and then a fight with three other boys his age. In the exchange of blows he was struck in the chest by a fist, immediately threw up his arms and collapsed backwards onto the ground unconscious. The other boys quicklv summoned a teacher who applied resuscitative measures bLut to no avail. Three years before, this same boy had been seen at a hospital for a murmur but was told it was of no significance. All considered him to be normal and healthy and he enjoyed playing football regularly.
Asymmetrical hypertrophy of heart, which weighed 444 grams, was predominantly in the septum which measured 30 mm in thickness. The septum bulged beneath the aortic valve and the overlying endocardium was considerably thickened.
Most of the left half of the His bundle was undergoing resorption and being replaced by young fibroblasts, as is characteristic of the postnatal period in normal human cardiac development.8 ' There was some reticulated fibrosis in other portions of the His bundle and its proximal branches. The sinus node was closer to the endocardium of the right atrium than usual but was otherwise normal.
Case 12. A seventeen-year-old boy was found dead about 30 minutes after he had left a church meeting. He had been healthy and had had no recent medical attention.
The heart weighed 450 grams with predominantly anteroseptal hypertrophy. The maximal thickness there was 22 mm while the walls of the left ventricle elsewhere averaged 13 mm.
The dividing portion of the Hlis bundle was of generous size, but the undivided segment was unusually small in rliameter. The A-V node was irregular in shape and showed focal fibrosis. The A-V node artery was markedly narrowed. TFhe sinus node was normal.
Case 13. A 23-year-old woman went for a walk one evening with two neighbor children. While sitting in a swing in a park she suddenly collapsed and died without uttering a sound. A brother had collapsed and died suddenly at the age of 10, and at postmortem examination was said to have had an enlarged heart.
At her postmortem examination the heart weighed 425 grams and showed asymmetrical anteroseptal hypertrophy, the maximal thickness measuring 20 mm; other portions of the left ventricular wall varied from 7 to 11 mm in thickness. Many of the small coronary arteries in the septum were narrowed by fibrosis.
The sinus node was located deeply in the crista terminalis near the endocardium but was histologically normal. The A-V node artery was narrowed 50% by intimal hyperplasia but the node itself appeared normal. The His bundle was abnormally small in diameter ( fig. 13) .
Case 14. A 77-year-old man was found dead in bed early one morning. He had seemed well the previous evening and had no complaints during a drive with a friend. All considered him a healthy man and he had sought no recent medical attention.
Asymmetrical hypertrophy of the heart (520 grams) involved primarily the upper anterior septum which was 20 mm thick; other walls of the left ventricle measured 10 to 13 mm except the anterior wall which was 15. There were a number of clefts penetrating the septum from both endocardial surfaces. Extensive patchy septal fibrosis was present. The small coronary arteries appeared normal. The right bundle branch was abnormally fibrotic in its septal course, while the left branch was fibrotic near its origin from the His bundle. Scattered fibrosis was seen in Figure 6 A fetal pattern of the A-V nude anid His bundle ini many of our cases is illustrated with examples front case 7. This widespread dispersiorn of large segments of conducting tissue throughout the central fibrous body is normnally present in th Ilnmian fetuisiut m iritin the adult. [8] [9] the His bundle and the A-V node. The A-V node artery was markedly niarrowed proximal to its entry into the node. There was extensive fatty fibrosis surrounding the sinus node, virtually severing its connections with the right atrium. The substance of the sinus node itself was densely fibrotic.
Case 15 . A four-year-old girl appeared to be in her usual health while walking up a hill with her aunt. Suddenly she complained of feeling tired and almost immediately collapsed onto the ground. Her aunt lifted her up and ran to a hospital which was onlv 200 yards away, but the girl was found to be dead. The child had been having cyanotic attacks since the age of 6 months and was known to have a harsh aortic systolic murmur and evidence of left ventricular hypertrophy o}n her electrocardiogram. However, she had been well recently.
The heart weighed 175 indentation in some places gave a lobulated appearance to the septal surface. Although the A-V node and sinus node appeared normal in size, location and histological organization, the His bundle was abnormally small in diameter ( fig. 13 ).
Case 20. A 47-year-old woman was getting ready to go to church. When her husband returned to the bedroom, having been gone about 15 minutes to shave, he found her collapsed on the bedroom floor. She tried to speak but could not. Efforts to revive her were unsuccessful and she died within a few minutes.
The heart weighed 500 grams and was asymmetrically hypertrophied, the left ventricular thicknesses being 14, 19, 12 and 10 mm for the anterior wall, septum, posterior wall and lateral wall, respectively. Although the membranous septum was intact, it was unusually large (10 mm diameter). There were many thickened small coronary arteries in the septum.
Focal fibrosis and fat were present in the His bundle and A-V node, but the node was fragmented throughout the central fibrous body in a fetal pattern. The fragments were undergoing resorption in some areas but not in others. There were dense scars of collagen and large foci of fat at the junction of the sinus node with the right atrium. Fetal dispersion of the His bundle is illustrated with two sections from the heart of case 1J. The H is bundle is seen near its nodal junction in A and is just veerinig into the central fibrous body, while B is 160 microns fuirther anterior. As in the normalfetal heart, most of the tenutious fascicles of the His bundle are in its left half. These are niormcally eliminated during the first year of postnatal life.
left ventricle. The anterior wall was 20 mm thick, the adjacent septum 23 mm, the posterior wall 13 mm and the lateral wall 13 mm. There were many narrowed small coronary arteries in the septum ( fig. 3) . A minor degree of fibrosis was seen in the His bundle. The A-V node was normal but its artery was markedly narrowed (fig. 15 ). The sinus node was normal although its nutrient artery was considerably smaller in caliber than usual (but of normal histological structure).
Case 22. A 13-year-old boy was last seen by his parents in mid-afternoon when he was watching television. Shortly after they left the house, he went to play with a friend but the friend was not home. When the friend returned home about 15 minutes later, his mother told him of the call and he went to the boy's home where he found the boy lying dead on the front lawn near a football. A soft systolic murmur had been known for several years but an electrocardiogram was said to be normal and the boy was considered in good health. A brother had suddenly dropped dead at the age of nine years; he had had a mitral systolic murmur for at least three years but was considered to be in good health. At postmortem examination there was asymmetrical hypertrophy of the brother's heart.
In the present subject the heart weighed 530 grams at postmortem examination, and there was also asymmetrical Circulation, Volume 51, June 1975 These two photomicrographs are from a section of His bundle in case 10 at a point about 200 microns furthet anterior from those seen in figure 11 .
hypertrophy of the left ventricle. The anterior wall measured 12 mm in thickness, the adjacent septum 17 mm, the posterior wall 10 mm and the lateral wall 11 mm. There were a large number of clefts in the septum, extending inward from both endocardial surfaces in all directions (figs. 16 and 17); each was lined by endocardium and ended in a blind pocket, not being connected to either veins or arteries. There was degeneration in the tunica media of many small coronary arteries in the septum but no significant narrowing of their lumens.
The A-V node was filled with cysts or channels, which were associated with wide dispersion of A-V nodal fragments in the central fibrous body into a fetal pattern (figs. 18 and 19) . The sinus node and its artery appeared normal. Focal fibrosis was present in the right bundle branch, but even more impressive was an extensive honeycombing of both the right and left bundle branches as well as the His bundle itself by empty channels (figs. [20] [21] [22] .
Summary of Findings
Mode of Death. Death was witnessed in 16 of these 22 subjects. In every case it was virtually instantaneous and silent. One child did complain of being tired just before collapsing, and two adult victims tried to speak but were unable, but in all 13 others there was not even an effort to utter a word. Most Figure 14 Sclerotic fibrosis of the sinus node was present in case 16 shown here. The area in A is more central within the node while that in B (8 microns from A) is nearer the junction with right atrium. Some relatively rlcrnoal fibers of sinus node are seen in the lower portion of each section but they represented less than 15% of the cross sectional area of this node.
known to have a mitral systolic murmur when he suddenly died at the age of 9; at autopsy there was asymmetrical hypertrophy of the heart. Clefts in the Septum. In seven of the 22 hearts there were deep clefts into the interventricular septum entering from either or both endocardial surfaces. In cases 1, 3 and 22 (figs. 16 and 17) these were particularly numerous and exceptionally deep, coursing both in a transverse and vertical plane within the septum. They did not communicate with either arteries or veins. None crossed all the way from one ventricle to the other.
Small Coronary Arteries. Significant narrowing of multiple small arteries in the septum was present in ten hearts (figs. 1-3), and lesser abnormalities were found in some of the other hearts. This is a difficult matter to quantify, even with postmortem arteriography or several similar proposed approaches to the question; however, arteriography was not attempted in this series. It is our judgment that more arteries were more narrowed than normal in the ten hearts, Circulation, Volume and that the narrowing could have accounted for some focal ischemia and fibrosis. The foci of narrowing were more often in sections of myocardium rather than in fibrotic areas, although some occurred in the latter as well.
Sinus Node. Abnormal fibrosis was present in the sinus node of 12 of the 22 hearts (figs. 5, 8 and 14) . This was about as often associated with or independent of any narrowing of the sinus node artery or its branches. In all of these examples there was sufficient histological abnormality to question normal stable performance by the sinus node, and in some the scirrhous destruction was so extensive as to suggest that the sinus node could not perform normally at all.
Fetal Pattern of A-V Node and His Bundle. Most of the hearts exhibited more fragmentation or divisions of the body of the A-V node or His bundle than is usual, but in 13 of the 22 this was particularly conspicuous (figs. 4, 6, 7, 11, 12, 18 and 19) . This extent of superfluous tissue is characteristic of the human fetal heart but normally disappears or becomes greatly diminished during early postnatal life.8 9 At the other extreme there was focal fibrosis or fatty replacement of A-V node or His bundle in some hearts as indicated, and the A-V node artery was variably Circulation, Volume 51, June 1975 narrowed in many of these ( fig. 15) . In three hearts the diameter of the His bundle was abnormally small in cross-section ( fig. 13) .
Central Fibrous Body. There were multiple cysts or channels within the central fibrous body of four hearts, and in all four of them there were comparable abnormal spaces within the substance of the A-V node and His bundle ( figs. 4, 9, 10 and 18-22) . Two of these (cases 1 and 22) also had multiple clefts in the interventricular septum, but the other two (cases 8 and 9) did not.
Discussion
There are four aspects of asymmetrical hypertrophy of the heart which we wish to discuss based on our findings anid in the light of observations by others: the pathogenesis and clinical significance of atrial fibrillation, the deep clefts seen in the interventricular septum of some of the hearts, mechanisms of sudden death, and the pathogenesis of asymmetrical cardiac hypertrophy.
Atrial Fibrillation
At least three of Teare's nine cases were known to have had atrial fibrillation and each had complained of palpitations. ' However, subsequent studies by others indicated that this arrhythmia was rare until the matter was specifically investigated by Glancy and his colleagues.10 Their study established that atrial fibrillation was not rare, being observed in 16 of 167 patients, that it was unrelated to the severity of left ventricular outflow obstruction, that in most patients sinus rhythm could only be restored transiently, but that the onset of atrial fibrillation was often associated with obvious clinical deterioration. Why atrial fibrillation should develop in these patients was not explained.
In 12 of our 22 cases the sinus node was histologically abnormal. Impairment or loss of its pacemaking control of the heart may be an important contributory factor in the development of atrial fibrillation. The fact that sinus rhythm is difficult to restore and retain (reference'0 and our case 21) supports the likelihood that the sinus node functions abnormally in these patients. Since many patients with asymmetrical hypertrophy of the heart undergo special hemodynamic and electrophysiological studies, it should not be difficult to study function of the sinus node carefully in them.
Braunwald and his colleagues"-"2 have discussed four physiological mechanisms by which atrial fibrillation could lead to the observed rapid clinical deterioration. 1) Loss of atrial systolic contribution to ventricular filling. 2) Rapid ventricular rate in untreated patients, with diminished time for diastolic B I:. ..E a .;5t:.
Figure 16
Large clefts initruded from either nght or left endocardial surface into the interventricular septum of case 22 and are illustrated in two sections about 2 mmy1 apart. The clefts course in all directions, those in A being oriented predominantly in a horizontal plane while those in B are more vertical. In some areas these deep clefts gave the endocardial surface a lobulated appearanice, e.g. in A. IAS is interatrial septum and MV mitral valve. filling in stiff hearts and thereby net loss of cardiac output. 3) Positive inotropic effect of short cardiac cycles just after long ones during the irregular rhythm, causing increased outflow tract obstruction; this would be compounded by the reflex sympathetic effect of intermittently lowered cardiac output and aortic hypotension. 4) Inability of these patients to increase stroke output which should normally occur during long cardiac cycles, which also are present during irregular cardiac rhythms.
To these hemodynamic consequences of atrial fibrillation may be added two electrophysiological considerations. First, during atrial fibrillation the excitatory input to the A-V node is constantly variable and the A-V nodal activation front would be changing. If one then assumes there is normally longitudinal dissociation in the His bundle,' 1-6 then the sequence of ventricular activation would also be changing, a condition which would be expected to impair performance of an asymmetrically hypertrophied heart. Moreover, in many of the hearts in our series there was structural abnormality in the A-V node and His bundle of such a nature as to make altered activation sequences even more likely during atrial fibrillation. Second, the rapidly changing cardiac cycle lengths during atrial fibrillation might readily exceed the refractory period of portions of the His bundle or its branches even with little or no change in the activation front within the A-V node, again leading to variation in the sequence of ventricular activation. How atrial fibrillation may also be responsible for sudden death will be considered later.
Septal Clefts
Teare noted large clefts between muscle bundles in two of his hearts, in one of which they communicated Circulation, Volume 51, June 1975 Figure 17 1listological appearance of the clefts of case 22 is illustrated. These photomicrographs are from two different areas in a sectioni 8 n?iicronis from the orne irn figure 16B. with both ventricular chambers.1 We found no example of complete trans-septal continuity, but there were septal clefts in seven of our to be determined, although it is difficult to believe that focally abnormal coronary supply could be insignificant.
A variety of abnormalities were observed in the A-V conduction system of most of our patients, including focal fibrosis and narrowing of nutrient arteries, but one which may be of particular importance is the persistence of a fetal pattern in the histological anatomy of the A-V node and His bundle. It has already been indicated that this may be an anatomic substrate for abnormally rapid A-V conduction, bypassing the A-V node via the central fibrous body. This weaving eccentricity of normal tissues may also lead to desynchronization of the usual activation process for either the septum or the free walls of the left ventricle. Abnormal sequence or of asymmetrical hypertrophy of the heart,45 52 and our anatomical findings support this hypothesis. Whether this form of desynchronized septal or other activation need be associated with currently recognized electrocardiographic or vectorcardiographic abnormalities is uncertain, although short P-R intervals are already one frequently described feature. But as with changes in the small coronary arteries, not all of our hearts had a fetal pattern of their A-V node or His bundle so that this cannot be a sole explanation.
Finally, there is reason to suspect a primary abnormality of collagen in these hearts. Dense sclerotic fibrosis of the sinus node was out of keeping with the observed local vascular disease, and similar abnormalities have been noted in patients with scleroderma heart disease. 53 The central fibrous body of at least two of our hearts contained cyst-like chambers or channels of an appearance suggesting a fundamental developmental fault similar to that also observed in the Wolff-Parkinson-White syndrome. 33 34 In addition to abnormal influence on fetal and postnatal development of the A-V node and His bundle, these changes in the central fibrous body may be mechanically important because this structure probably serves as a Circulation, Volume 51, June 1975 functional fulcrum for normal motion by three neighboring cardiac valves (mitral, aortic and tricuspid).854 If the collagen of the central fibrous body is representative of nearby collagen in the crest of the ventricular septum, then abnormal properties of the septal collagen may prevent its serving as an appropriate framework for myocardial hypertrophy, with an ultimate consequence being disorderly or bizarre septal histology.
